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N3JIYYEHUE U3 CUCTEMbI IIEJEN
B D KPAHE KOAKCHAJIbHOU JINHUN

Memooom maznumodsudcyyux Cuil pewena 3a0a4a 030yiHcOeHUsl, PACCESHUS U USTYYEHUSL DNEKMPOMASHUMHBIX 60JIH CUCTIE-
MOU nonepeunbIX wenell 8 UOeabHO NPOBOOsAUeM IKPAHE OECKOHEUHOU KOaKcUuaibHou aunuu. Mccredosamvl 3aeucumocmu Ko3g-
uyuenmos uznyueHus u OmpasiceHus 0y208blX U KOIbYESbIX Weaell Om ux pasmepos u om napamempog guoepa. Hzyuenvl
npoyeccyl U3NyYeHuss 6 MamepuaibHule cpedbl ¢ nomepsmu. Hccnedoeanus npoedensl ¢ yuemom 63auMHOL CE513U NO 6HYMPEH-

HeMY U BHeWHeM) NPOCIMPAHCMEY.

Kniouesvie cnosa: KonblieBas 11€J1b, AYTOBas LICJIb, CUCTEMA ITOIIEPEUYHBIX meﬂeﬁ, KOaKCHUaJIbHasA JIMHUSA, DOHEPIETUYCCKUE KOB(I)(l)I/I-

HUEHTBI, METOX MAarHUTOABIDKYIITUX CHJT

1. BBenenue

MHoroo06pa3ue BUJIOB IIENEBhIX H3ITy4aTenel, 0Co-
OEHHOCTH MIX KOHCTPYKTHBHOTO UCTIOJTHEHHS B Pa3JIny-
HBIX JTUHUSIX TTepead ¥ 0COOCHHOCTH PEKUMOB BO3-
Oy>KIleHUs, a TaK’Ke BO3MOXXHOCTH YIIPABICHUS WX
ANEKTPOIMHAMUYECKUMU XapaKTePUCTUKAMHU BBI3bI-
BalOT MOBBIIICHHBIN MHTEPEC K TAKUM U3TydaTemsm
YYEHBIX U pa3pabOTUYUKOB COBPEMEHHBIX PalOTEX-
HUYECKUX, PAIHOIIEKTPOHHBIX YCTPOWCTB U KOMILICK-
COB CaMOT'0 Pa3IMYHOTO HA3HAYCHUSI.

Hecmotpst Ha 3HauMTEIBHOE YUCIO PabOT MO HC-
CJICZIOBAHUIO CBOWMCTB IIENIEBBIX CHCTEM Ha KOAKCH-
anpHOM Kaberne [ 1-11] ¢ ucronp30BaHuEM pa3IMIHBIX
aHAIUTHYECKUX 1 YHCIICHHO-aHATUTUIECKUX METOIOB,
MHOTHE BOIIPOCHI, CBSI3aHHBIC C UCCIICJIOBAaHUEM TIPO-
CTPaHCTBEHHO-YaCTOTHBIX U HEPreTUYECKHX Xapak-
TEPUCTUK ITUX CTPYKTYP, HEINOCTATOYHO M3Y4CHBI U
MIPE/ICTABIICHBI B INTEPATYPHBIX HCTOYHUKAX.

[IpumeHseMble HEMOCPEACTBEHHO YHWCIICHHBIC
METOZBl M CYIIECTBYIOIINE MAKEThl BBHIYUCIUTEIh-
HBIX TIPOTPaMM JIJIsl MCCIIEAOBaHUS XapaKTEPUCTUK
MHOT03JIEMEHTHBIX MHOTOTIAPaMETPUIECKHX DIICKT-
POIMHAMUYECKHX CHUCTEM B PsIE CIy4aeB UMEIOT
OTpaHHYEHHBIC BO3MOXXHOCTH U HE 00€CreqnBarOT
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(U3NYECKYIO HHTEPIIPETAIUIO IOTYIEHHBIX Pe3yib-
TaTOB, OCOOCHHO NPH HCCICIOBAaHUH MHOTOPE30-
HAHCHBIX CTPYKTYP C IPOU3BOJIbHBIMU I'€OMETPUYEC-
KHMH U 3JIEKTPOPU3NIECKUMHU [TapaMeTPaMH.
Pemenne 3amaum mpoeKTUPOBaHUSA YCTPOWCTB
C HEOOXOJMMBIMH KOHCTPYKTHBHBIMHU U 3JIEKTPOIH-
HaMUYECKUMH XapaKTEPUCTUKAMU BO MHOI'OM 3aBU-
CUT OT COBEPIIECHCTBA MAaTEMaTUYECKOIO aImapara,
MO3BOJIAIOIIETO ONUCATh U TEOPETUUECKH HCCIIEN0-
BaTh BOJHOBBIE MTPOLIECCHI B U3yYaEMbIX CHCTEMAX.

2. ITocTaHOBKA 32/1a4M M €€ pelieHne

B Hacrosiei pabote METOJOM MarHUTOIBIKYIIHX
cun [12] uccaenyiorcst XxapaKTEPUCTHKHA CHUCTEM
u3 N y3kux (d <A, d <|; A — miuHa BosHBI) TOTIE-
peUHBIX MIeell pa3sHO# MIHHBI [ U IIHPHUHBI d
(cm. puc. 1). M3nygarenu mpope3aroTcs Ha pa3iind-
HBIX PaccTOsSHHSAX D APYr OTHOCHTEIBHO JIpyra B
0ECKOHEYHO TOHKUX M H/ICaIbHO MPOBOISIINX IKPa-
HaxX KOAKCHAJIbHBIX JIMHU C Pa3INYHBIMU 3HAYCHHS-
MH paiiyCOB BHYTPEHHUX U BHEIIHUX [POBOIHUKOB
a, u a,. O6macts BHYTpH dunepa (V') 3amonHena
JIMAJICKTPHKOM 0€3 MOTePh C TUAIEKTPUISCKOM MpPo-
HunaemMocThio €. IIpocTpancTso BHe (umepa (V°)
3aIOJTHEHO HEHICATbHBIM IHAIICKTPUKOM CO 3HaYe-
HHEM TIPOHMIIAEMOCTH €° M TAHTEHCOM YIVIa OTEPh
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Puc. 1. TeomeTpus cUCTEMBI

tgd. IIpu TakoM MOIXOJE paccMaTpUBaEeTCs 3a1a4a
B 00IIe#l ee MOCTAaHOBKE, YTO IMO3BOJISET HCCIe-
JI0BaTh OJTHOPOJTHBIE i HEOTHOPOIHBIE, SKBH IFICTAHT-
HbIC ¥ HEIKBHUUCTAHTHBIC KOAKCHAIbHO-IIICIICBhIC
AHTCHHBI.

PaccmorpuM BO30yKIIeHHE CHCTEMBI TOTeped-
HBIX meneid ol | <L (L =2ra,). Ucrounnkn
noJisi HaxozsTes BHYTpHu ¢uaepa. llenn, Bo30yx-
JaeMbIe dTUMH HUCTOYHHMKAMH, M3JIy4YarOT 3JICKTPO-
MarHUTHEIE BOJIHBI BO BHEIITHEE TIPOCTPAHCTBO U U3-
MEHSIOT TI0JI€ B KOAKCHAIbHON JTNHUH.

Jng HaxoxJeHHUs] KacaTelbHON COCTaBISIONIEH
SNEKTPUIECKOr0 BEKTOpa E B mIEIsX BOCIIONB-
3yeMcsl YCIOBHEM HETPEePBHIBHOCTH MarHUTHBIX CO-
CTABJISIOIINX TIOJISI HA TTIOBEPXHOCTH IIETIeH:

H{E}-H{E}=H?, (1)

e Hf{E}, I-H{E} — moJisi, BO30Y)KIaeMble IIeIs-
MH B 0011acTsAX V& M V' COOTBETCTBEHHO; I:|f — moJe
MCTOYHMKOB; E — MCKOMOE 3HaueHHe KacaTelbHOI
COCTABJISIFONIECH 3JEKTPUUECKOrO MO B PACKPHIBE
MHOTOIIEJIEBOU aHTECHHEI.
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Hns pemenust ypaBuenus (1) nmpumMeHHM MeTOJ
lanepkuHa, T. €. TOJie Ha MOBEPXHOCTH CHCTEMBI
menel npejcTaBUM B BUJIE psaa

E ZZZVPSEDS’ 2)
s=1 p=1
rie B, — 3anaHuble HA MOBEPXHOCTAX Ienel Nu-

HEHHO-HE3aBUCHMBbIEC BEKTOP-(YHKIIUH, YIOBIETBO-
psIoIUe Ha KOHTYPE IIENN KPaeBbIM YCIOBHUSM (c00-
CTBEHHbIE pyHKIMM OTBEPCTHA); V ¢ — HEU3BECTHBIC
KOMIUIEKCHBIE aMILTUTYIbI; § — HOMED ILENH; p — HO-
Mep cOOCTBEHHON (PYHKIIMH OTBEPCTHSI.

ITocne HexoTOPHIX MpeodpazoBanmii u3 (1) mory-
YUM CHCTEMY alreOpanvdeckux ypaBHEHHH OTHOCH-
TenbHO Vi !

N M

szpsqu,rs =Fyrs 3)

s=1 p=1

r=123, ..., N, 0=123, .., M,

e N — KOIM4eCTBO 1uesteid, M — KOIMYeCcTBO aIpoK-
cuMHpyOTTIX BeKTOP-DyHKITHiL; Y o =Yoo < +Y o0 s —
cobcTBeHHbIe (Tpr P =(, ' =S), B3aUMHbIC I10 rap-
MOHHKaM (IpU P #(, I =S) U B3aUMHBIC MEXIY
messiMi (TIpu I # S) YaCTHYHBIC TIPOBOJAUMOCTH p-il
U -1 TapMOHUK (PYHKIIMH pacrpeiiesieHusa Ha r-i
" S-H Mensx,

Viaes = | EcH{Ex} o

4

Fy = J[EoHY s - (5)

MarHUTOABIKYIas cuia; dS = Ads, A — eauHMYHAs
HOpMaJib K MOBEPXHOCTH IIEIU §, HAlpaBICHHAS
BHYTpb oOnacTu V°.

Taxum o0pa3om, 11 pemeHus: cucteMsl (3) HeoO-
XOJIMIMO OTIPEJICIUT B SIBHOM BHJIC BHYTPEHHHE Y;q'rs
Y BHEIITHHE qu’rs YaCTUYHBIC MPOBOJAUMOCTH, & TaK-
K€ MaTHUTOABIXKYIIUE Cuitbl Fy .

B Takoil mocTaHOBKE 3aJa4u CHCTEMa IEJICH
MOJKET BO30YKIaThCs JIFOOBIM THITOM BOJIHBI (B TOM
YHUCJIC ¥ BBICIIAM), PACHPOCTPAHSIOMIUMCS B KOaK-
cuanbHOl uHuu. Eciiu cuctema Bo30y»xpaercs oc-
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HOBHO# BonHOH (7-THmAa), TOTAa pacupeacicHUe
MOJIST BAOJE KOJIBIICBOM e OYJET MOCTOSHHBIM,
a BJOJIb AYTOBOM — CUMMETPUYHBIM OTHOCUTEIBHO
LEHTpA LIEJIH BCIEACTBUE HEHTPAIbHON CHUMMETPUU
CTPYKTYpBI I10JI BOJIHBI 7-Tuna. To ecTh AJis onuca-
HUS TIOJISL B BRIpaKEHHH (2) JOCTaTOYHO OTPaHUIHUTh-
sl OTHOM BEKTOP-(YHKITHEH KaK JJIsI KOJNbIIeBOH [9],
TaK U AJa AyroBoi menu [8],

E -1, E, = zolcos(nﬂ) 6)
d d |

COOTBETCTBEHHO. 311eCh 70 - €IUHUYHBIA OpPT; U —
KpPUBOJIMHEWHAsT KOOpIWHATA, HATIPABICHHAS BIOJb
HIeJM ¢ HavaJoM KOoopAWHAT B ee meHtpe. [Ipu Ta-
KOM BBIOOpE COOCTBEHHBIX (DyHKIMH Koaddunment Vi
B (2) u (3) npuoOpeTaeT CMBICT aMIUIATY/IBI HAMps-
’KCHUS Ha Ienu (371ech U Janee HHIEKChI, COOTBET-
CTBYIOIIIUE TAPMOHUKAM p U ¢, OTIYIIEHBI).

Jn1st HaxOXKAEHUS YaCTUYHBIX BHYTPEHHHUX IPOBO-
JIMMOCTeH HeOBXOXMMO onpesenuTh monst H', Bos-
OyxJaeMbie B Guaepe MEIsIMUA C pacrpeaesieHHeM
nons E,. IlpeacraBum H' B Buze pasnoxenus
10 OPTOHOPMHUPOBAHHBIM BEKTOPHBIM (DYHKLHUSM
KOAKCHAJIbHOW JIMHUY C Y4E€TOM OCHOBHOM BOJIHBI TH-
na 7 u BeIcMX BONH E- u H-tuma (B TOM 9ucIie
3aryxaronux) [13]:

H' =hH,+D hHge + D hyHy, (7)
e h

rie He, Hgn Hge — M3BECTHBIC OPTOHOPMHPO-
BaHHbIC BeKTOpHbIe Gynkuuu; h,, Ny, Ny, —neus-
BEeCTHBIC KOX(Q(QUIUEHTHI, MOAJIEKAIINE OIpelie-
JICHUIO.

IlepBoe cnaraemoe B BbIpaxkeHuu (7) sBIsieTCA
MOJIEM OCHOBHOM BOJHBI. BTOpOe U TpeThe ciarae-
MbI€ YUYWTBHIBAIOT BKJIaJ B MOJIe, BO3OYXKIECHHOE
HIENbI0 B KOAKCUAJIBHOW JTMHUU, BONH £- u H-tuma.
CornacHo Teopur BO30YKIICHNS BOTHOBOIOB, Pa3BH-
TOl B paboTte [1%], H gh — IPAMEHTHbIC COOCTBEH-
Hble pyHkumn, H g, —nonepeuHsie BUXpeBble yHK-
LU, KOTOPBIE MOXKHO NPEACTABUTH CIECAYIOIIHUM
o0Opazom:

1 - 1r.
=—V .y, ngz_[zovﬂye]' ®

h Xe

th

31ech Y, U Y, — COOTBETCTBEHHO MarHUTHBIE U
AIIEKTPUUECKUE TTOTIEPEUHbIE (YHKIIH:
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B cos(me) |
‘Ije _Cezem (Xer)sin(m(p) !
)
_c7 cos(me) |
Vp =4 hm(th)Sin(m(p)’
I (Xel)  Ni ()
Z = - ;
75, ) N )
‘]m(th) Nm(th) .
Z m = ’ - ’ !
m (a") In(naa) N (xnan)
(10)
Ce:LX
T (1+84p)
12
X[(azzém (XeaZ ))2 - (alzém (Xeal))z] ;
V2
JT(1+84n)
m?2 2 Y2
X 322__2 Zﬁm(%haZ)_ 312__2 Zﬁm(%hal) ;
h Xh

J
N.,, N, — ¢ynkuus Heiimana u ee npou3BojHasi;

nr Jo — dynkuus Beccenst M ee MpOM3BOAHAS,

¥e+ Xn — KPUTHUECKUE BOJIHOBBIEC uKicia £- u H-Tumna
1, m=0;

0, m=0.
Hewusgectupie koapduumentst hy, hy, u hy, Haxo-

BOJIH COOTBETCTBEHHO; Oy, ={

JTUM W3 BOJTHOBOJHBIX ypaBHeHUH [ 14]:

hy + Yﬁ,ehb =—fy,

(11)

rie MHICKC b NMpUHHUMAET 3HAYeHUs: e, ge, gh.
[IpaBas yactp ypaBHeHus (11) ompenensiercs cie-
IOYIOLIMM 00pa3oM:

f, =—ju)£q.) Ep[ qeﬁ]dL nist T-BOJIHBL;

3}160]) = |(i2 —y2 — [HOCTOAHHAA pacupocTpa-
h,e h,e

HEHMA BOJIH H- u E-THna B KOAKCHAJIbHOM JIMHUH,
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2T [
ZK_\ISI’ ko — JUIMHA BOJIHBI B CpeJie, OTHOCH-
0

TCJIbHAA JUIJICKTPHUICCKAs NPOHUITACMOCTb KOTOpOﬁ

ki

paBHA efuHMIE, j — MHMMas enuHuna. OT™MeTHM,
YTO B OTJIMYME OT JYyTOBOW KOJIBIEBAs IIEh C IO-
CTOSTHHBIM pacIpeie]ICHUEM IIEKTPUIECKOTO OIS B
Hell He OyneT Bo30y»KAaTh B KOAKCHAIBLHOW JIMHUU
BOJIHBI H-Tuma.

Omnpenenus mose, BO30YKASHHOE IIENbI0 B KOAK-
cuanbHOU JuHUU (7), ¢ yuerom (6), (8) — (12) u B
COOTBETCTBUU C BEIpaKeHUEM (4), IS KOJBIEBBIX
IIeseld MoJIyYruM COOCTBEHHYHO BHYTPEHHIOKO IIPOBO-
JUMOCTh OJIMHOYHOTO M3ITydaTes,

_ - k'd,
v e, |1k, PP
Kdpy | ppin| K4,
& 2

i ’ 2
k'a,CeZeg (Xeaz )
Ye

Xexp —jk—zds +
e

sip Yeds

2 - Yeds
—c—exp| —j—== |||,
Yed, p( 172 ]

2

x| 1—

(12)

1 B3aMMHYIO BHYTPCHHIOIO IMPOBOAUMOCTL MCKAY
H3J1ydaTeisiMuy,

i i
v o /ezmn 1 sin k2d, sink—ds
rs — po ann& kidr kids

=Y 2 2

i k' /
xexp(—Jk' Drs) + 2_(a2CeZeO (XeaZ ))2 X

e e

sinLedr sinyezdS
X 7, 7d. exp(—jv.Dy) |- (13)
2 2

B pabote [15] mpuBeneHo BbIpakeHUE IS COO-
CTBEHHOI BHEILITHEHN MPOBOAUMOCTH OJMHOYHOU KOJIb-

LIEBOH €N Ysi, MpOpe3aHHON B IIMIIMHApE C pa-
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auycoM a,. B mpeamonoxxeHuH MOCTOSIHHOTO
pacrpeeneHus mois Ha TOBEPXHOCTH e (opMy-
Ja s COOCTBEHHOW BHEUTHEHW MPOBOJUMOCTH Ysi
HAMEET BU

L
TP, (keds)
=kd Vo —1-1+ exp(—kedsx/oc2 —1)
X
0 [Ho(ka,0)| ool ~Iort -1

do ,

(14

a JUIsl B3aMMHOW BHENIHEH MPOBOAMMOCTUA MEXIY
LIEJISAMHA —

i oo
comp g ‘Ho(keazoc)‘2 oo —1

do ,

(15)

rie kezz—f € . Po=120m, Om; H,(k°a,0) —

dbyHKIMS XaHKEIS HYJIEBOTO TOPSIIKA.

BrInoaHUB aHANOTHYHBIE PACUETHI ISl CUCTEMBbI
JIYyTOBBIX LIEJECH, MOTyYUM COOTBETCTBYIOLIUE MPO-
BOJUMOCTH: BHYTPECHHIOIO COOCTBEHHYIO MPOBOIH-
MOCTb JTyTOBOM ILIENH,

Yi z_laj\lgi)mr-t I_s ZX
ss i
k'dgp, \ L

- k'd,
1 sin——= i
X 1- i2 exp| —j— [ |+
onin %2 kd
& 2

cos! Tcmlli ' " 2
+Z | 2 ,Y_aZCeZém(XeaZ) X
¢ 1—(2m5] ¢
L
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. Ypd,

2 sin
y mChth (Xnaz) 1— 2 exp _J-Yhds :
Xh Yhds 2 ,

2

(16)
BHYTPCHHIOIO B3aUMHYT0 IPOBOAUMOCTL MCIKAY ABY-
M AYTOBBIMU HICIAMU,

- kid, . K'dg
8 1 sin—_Tsin
i _ ()mH r s i i X
pO L2 2n|nﬁ kl r kl s
a
o k' 2
xexp(—Jk'DrS)+2 (3,C. 2 (1e82)) X

e e

cos(nmlr) cos(nmls) sin Yedr i Yels
y L L 2 2
1o 21 - ©oved veds

B G e 2 2

2
C.Z
Dm)+§EE%(m—ﬁ—milf§l} x

xexp(—j¥, ”
h

xexp(~ %Dy ) (17)

BHEIIHIOI COOCTBEHHYIO MPOBOJIUMOCTH TyTOBOM
11(S11%5 08

2
m=0 1—[2m5)
L

]3 1 m?(o® —1)
H, (ka0 &%N)H(k%w
| i | i
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de 1+exp(kd\/7)
(ked, ) (02 1) o2 -1

BHEIIHIOK B3aHMHYIO IPOBOJUMOCTb MEXAY ABYMS
JlyTOBBIMH LIEJISIMU,

cos nml—r Ccos nml—S
16J OmH I - L L
X
P, g‘ | Y I, Y
(ot J1-(amt)
oo 2 2
XJ' 1 m-(o“ -1)

2 o1, 2
| [H (ko) (ka,00?|H7, (k°a,00)

exp( keDer/i)

oc\/oc -1

do;

(18)

e
rs

dot . (19)

MarnauTonBrKyyto cuity F, onpenensiem B npea-
TTOJIOKEHHH, YTO B KOAKCHATILHOM JIMHUW PacIpoCTpa-
HseTCs BOJIHA TUMA T € IMHUYHON MOILHOCTH.

IloxcTraBuB moje ocHOBHOM BoaHBI H 3 B BBI-
paxenue (5), Uit ciydast KOJMBIEBBIX IIEICH MOTy-

yaeM F, B Bujge

- k'd,
sin
=2 | Zep-ikz), 0
Poln(az/al)
2
a JUIsl TyTOBBIX IIEIeH —
i sin kidf
e | 2 o
= o i S exp(—jk'z.).
r mpoIn(a,/a) L k'd, Pl
2
(21)

OnpeenanB MarHUTOIBMKYIILYIO CHITY, BHYTPEH-
HIOI0 W BHENIHIOI TPOBOJMMOCTH MIEJICH, BBIUUC-
M ko3pduumnent Voo u3 (3). Boipaxenus JlJIS[
k03 HUIHEHTOB OTpa)KeHI/ISI |F1| Y U3ITy4eHUs |FE|
CHCTEMBI ILIEJIeH C Y4eTOM paclpe/eiIeHus 3JIEKT-
pudeckoro nois (2) U mpu yCIOBUU BO30YKIEHUS
CHCTEMBI JIIOOBIM THUIIOM BOJIHBI, PaCHpPOCTPAHSIO-
mieiicst B ¢puaepe, umerot Bua [12]:
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1 N
I, = -2 ZVS F., (22)
s=1
2 1 N N e
Ty | =EReZZVrVSYrS. (23)

r=1 s=1

3. AHamM3 pe3yJbTATOB pacyeTa

[omyuennsie Beipaskerust (12)—(23) mo3BomsioT mpo-
BECTH pacyeThl MPOBOUMOCTEH (BHYTPEHHUX U BHE-
ITHUX), aMIUTATYHO-()a30BBIX pacrpenencHuil (2)
Y SHEepreTHYecKux kodddurmerTos (22), (23) B ciy-
Yassx CHCTEM KOJIBIICBBIX U JAYTOBBIX IICTICH.

IIpu npoBeeHNH AETAIBHBIX UCCIEAOBAaHUN Xa-
PaKTEepUCTHK CHCTEM IIEJIEBBIX M3JIydaTeneil mapa-
MeTpHI puaepa u 1mesel BapbUpOBaIIMCh B IIUPOKUX
npesenax:

— pa3Mephl paguyca BHEIIHETO MPOBOJIHUKA BBI-
Oupanuce oT a, =0.6 MM 10 a, =20 MMm;

— OTHOCHTEJIbHBIE TUAJICKTPUUECKUE MPOHHIIae-
MOCTH BHEIIHeH cpeanl € u3meHsmch oT 1 (Bo3-
TyIIHAS cpefa) 10 55 (SKBUBAJIECHT OMOJIOTHIECKUM
cpenam), tgd msmensuics B npenenax 0+1;

2
Tl

— 3HAUEHHE JUDIICKTPHUYECKOW MPOHHUIIAEMOCTH
BHYTPEHHETO JINNICKTPHKA € BBIOHPATOCH PABHBIM
2 (kak HanOoIlee YacTo MPUMEHsAEMOE Ha MTPAKTUKE);

— MCCIIeyeMBI IMAIa30H JUTMH BOJIH COCTABIISLI
A~30+1000 mwm.

Takas mmpokasi 00JacTe U3MEHEHHs MapameT-
POB JJacT BO3MOXKHOCTH MPOBOJIUTH MHOTOIIApaMeT-
pUYECKUH pacyeT W aHaJIh3 XapaKTEPHCTHK Koa-
KCHAJIBHO-IIEIEBBIX CTPYKTYP C LEITBIO OTPEACICHUS
Y4aCTOTHO-DHEPTeTUYECKHX CBOMCTB aHTEHH 3TOTO TUIIA
W CO3JaHUSl CHCTEM C TpeOyeMBIMHU JIEKTPOIUHA-
MHUYECKUMH CBOMCTBaMH.

[IpuBeneM HEKOTOpBIE PE3yNbTAThl MCCIEN0-
BaHMH, HECOMHEHHO TIPEJCTABIISIONINE PAKTHYeC-
KHI UHTEpecC TS pa3padOTYMKOB aHTEHHO-(UaEp-
HBIX CHCTEM.

Ha puc. 2 npuBeieHbI 3aBUCUMOCTH |1“2|2 =f(A)
5 |Fl| =f(\) s cucrem u3 N =2,5,10 myroebix
1iesneit B 9kpaHe (uzepa ¢ mapamerpamu: & = 2.5 M,
a,=12 mm, €°=1 d=3 mm, D,=40 wmm,
| =0.5L. PaGoyas monoca AJIUH BOJH CHUCTEMBI
m3 N =10 m3myuaTeneil mo ypoBHSIM 0.5|F2|r2nax u
menee 0.3[T;| cocraBuser AA/A, =41%. Ilpu
3TOM JIMana3oH pa0ovMX JUIMH BOJIH HAXOIUTCS B

0.8

04

[T

0
50 70 90

110 130 A, MM

2

Puc. 2. 3aBucumoctu ko3 dunnenta u3nydeHus |Fz| = f(A) (@) m ko3 uIEeHTa OTpAKESHHS |F1| = f (L) (6) or muHbBI BOJNHEI
JUISL CUCTEMBI OYTOBBIX INelied (¢ mapamerpamu a, =12 MM, 8 =2.5 mM, | =0.5L, D, =40 mm): N =2 — myHKTHpHEIE
kpuBble; N =5 —mrpuxossie kpusble; N =10 — crtonHble KpUBBIE
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npenenax A =64+100 MM, a cpeiHee 3HaUCHUE
JUTAHBI BOJIHEI kcp =87 MMm. ,

Ha puc. 3 npuBe/IeHbI 3aBUCUMOCTH |FE| =f(A)
u [Iy|=f(A) ans cucrem n3 N=5 u N=10
JIYrOBbIX Ieneil B skpaHe duuepa ¢ 8 =2.5 mm,
a,=12 mm, € =1, d=3 mm, D, =40 ™M™ u -
Hoit menu | =0.8L. M3 cpaBHeHUs 3aBUCHUMOCTEH
Ha pUC. 2 ¥ pUC. 3 ClIeAyeT, YTO NPU yBEIHMUCHUU
qmumnbl menn ot | =0.5L mo | =0.8L cpemnsst qm-
Ha BOJIHBI Bo3pacTaeT Ha 67 % (oT A, =87 mm
no A, =145 mm) npu yBenuueHnn pabouero aua-
Ma30Ha JIJIUH BOJH MO0 YPOBHIO O.5|Fz|i]ax Ha 17 %.
CrnemyeT OTMETHTbH, YTO B 3TOM JHaNa30He Mpouc-
XOZUT yBeNTMUeHUE KO PUITEHTA OTPAKEHHUS, HO TIPH
3TOM |F1|<0.5. OTH W3MEHEHUs XapaKTEePUCTHUK
CUCTEMBI HIENIEBBIX M3TydaTeleil ¢ pOCTOM JUIWHBI
ieneit 00yCIOBIeHB! CBOWCTBAMHU M3IYUYEHHS ONIU-
HOYHOU JAyToBOM mmien# [8].

B oOnactu OGMOMEIUUMHCKUX HCCIEIOBaHUN
UCIIONB3YIOTCA (UAEPHl MaJIbIX I€OMETPHUYECCKUX
U 3JEKTPUYECKUX pa3MepoB [6], KOTOpbIE MOMe-
MIAIOTCS B CPEIBI ¢ OONBITMME 3HAYCHHUSIMH JIAJICKT-
pudeckux nponunaemocreii €°. Ha puc. 4 ipuBeieHb
3aBHCHMOCTH OT JUTUHBI BOJTHBI SHEPTETHIECKUX KO-
¢unmentoB cuctembl 3 N =2, 5 u 10 q1yroBsix iie-

2
5|

netic d =0.3 mmu | =0.8L, npopes3anHbIX B 9KpaHe
dunepa c pazmepamu @ =0.2 MM, a,=0.6 MM Ha
paccrossaun D, =20 mm npyr ot apyra. Cucrema
noMenena B cpeny ¢ € =55. B paboueii momoce
JUTUH BOJIH (A?x,/ Ay, =475%, A, =40 mm) k03(-
(bUIMEeHT OTpakeHus |Fl| < 0.2 mpu xoahdunmente
W3JTyYCHUSI |1"2| ne meree 0.5 (N =5,10).

Ha puc. 5 mpuBeIeHBI 3aBHCHMOCTH |1“2|2 =f(A)
u |F1| = f(A) mnst cucrembr u3 N =2, 5, 10 kosnblie-
BBIX mieneit ¢ d = 0.3 MM, pacronoKEeHHBIX B 3Kpa-
He duzaepa c pasmepamu a;, =0.2 mm, @, =0.6 MM
Ha paccrogHuu D, =75 MM npyr ot gpyra. [Iponu-
[[AEMOCTh JMAJICKTPHKA, 3aMOHSIONIET0 BHEITHIOK
cpeny, € =55. MccneqoBanus IpoBEIEHBI B AUAama-
30He A oT 100 1o 1000 mm.

XapakTepHOH OCOOCHHOCTHIO PE3YJIbTATOB,
NpEe/ICTAaBICHHBIX Ha pHC. 4 JJISl CUCTEMBI JYTOBBIX
1IeJIe ¥ Ha pUC. 5 JJIsl CUCTEMBI KOJIBLIEBBIX IIEIIEH,
SIBIISIETCSI CHITbHAS M3PE3aHHOCTh KPUBBIX |F2|2 =f(A)
B paboueii mosyoce AuH BoiH. OTHAKO, HECMOTPSI Ha
U3PE3aHHOCTH KPUBBIX, B OOJIBIIIECH YaCTH MTPEICTaB-
JEHHOTO JHamna3oHa KO3(PQGUIHEHT HU3TydeHUs
|1“z|2 >0.5|F2|i]ax npu K03 (QUIIMEHTE OTpaKSHUS
IFy|<0.5.

50 80 110

140 170 A, MM

Puc. 3. 3aBucumocty ko3 hunneHTa u3mydeHus |1"z|2 = f(A) (@) m ko uIeHTa OTpaKESHHS |l"1| = f(A) (6) oT nIHHBI BONHBI
JJISL CUCTEMBI JIYTOBBIX Ileniel (c mapameTpamu @, =12 mm, a =25 mM, 1 =0.8L, D,=40 mm): N =5 — mrpuxoBsie

kpuBble; N =10 — crutonrHbie KpUBbIe
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20 40 60 A, MM
6
Puc. 4. 3aBucumoctyu K03 HULIHEHTA U3y YCHHS |l“z|2 = f(A) (@) mkodpuImenTa oTpaKeHus |Fl| = f (L) (6) or wiuHBI BONHEI
JUIS CHCTEMBI TyTOBBIX Iierel (¢ mapamerpamu a, = 0.6 MM, 8 =0.2 mm, | =0.8L, D, =20 mm): N =2 —IyHKTHPHBIE KPHBBIE;
N =5 —mrpuxossie kpuBsle; N =10 — cruromHbIe KpUBbIE

2
5|

..........
,,,,,,,

,,,,,
.....

0
100 400 p 700 A, MM

2
Puc. 5. 3aBucumocTty K03 HHIHCHTA H3TYICHUS |1",_| = f(A) (a) n koappuItEEeHTa OTpAKEHUS |F1| = f (L) (6) or nnuHBI BONHBI
JUISL CUCTEMBI KOJIBLEBBIX 1eiel (c mapamerpamu &, =0.6 mm, 8 =0.2 MM, D, =75 MM): N =2 — myHKTUpHBIE KPUBLIE;
N =5 —mrpuxossie kpuble; N =10 — crutomHbIe KpUBEIE
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XapaKTepUCTUKH OAUHOYHBIX JYTOBON U KOJb-
LEBOM IIeJIEN CYIIECTBEHHO OTIIMYAIOTCS APYT OT
npyra. JlyroBast mieinp sBJIsieTCsl pe30HaHCHOH (IT0JT-
Hasi TPOBOJAMMOCTh B BUJE CYMMBI BHYTPEHHUX
Y BHEITHUX IPOBOJIUMOCTEH SBIISETCS BEIIECTBEH-
HOW BETWYMHON JJISI HEKOTOPOU IJIMHBI BOJIHBEI),
T. €. OHa U3Jy4aeT B HEKOTOPOM MOJIOCE YaCTOT.
KonpreBas mens — Hepe30HAHCHASA, U MOXKET U3-
Jy4aTh B CKOJb YTOAHO IIMPOKOHW IMOJIOCE IJTHH
BOJIH, HO TP 3TOM MOXET HUMETh HEJOIMyCTUMO
O0onpIod KOA(PGUIUEHT OTpaKeHUs (Hampumep,
6ompmie 0.8) [9]. 3 cka3aHHOTO CIIEAYET, 9YTO CHC-
Te€Ma JYTOBBIX MIEJNEeH TaKXkKe U3JIydaeT B HEKOTOPOi
MOJIOCE YacTOT, 3aBUCALIEH OT pa3MepoB IIETU U
yame Bcero He mpesbrmaromeit AL/, =50 %.
[ToaTBepkaAeHUEM STOTO SBISIIOTCS 3aBUCUMOCTH Ha
puc. 2, 3, 4. Cuctema KoNbIEBbIX LIENEH, YHEPTreTH-
yeckue k03 QUIMEeHTH U1 KOTOPOH MPEACTaBICHBI
Ha puc. 5, B noioce JuH BoJH oT 230 no 800 MM
uMeer |1“z|2 > 0'5|F2|r2nax'

CuitbHast ©3pe3aHHOCTh YHEPIeTHUECKUX KOdPPu-
[IMEHTOB aHTEHH C Pa3JIMYHBIMH T10 CBOUM MOJIOCO-
BBIM CBOWMCTBaM JYTOBBIMH M KOJBIIEBBIMH IIETSIMHU
(cM. puc. 4 u puc. 5) o0yciioBIeHa TeM, 4TO 00¢
AQHTEHHBI M3Ty4YallH B CPELY, 3aII0JIHEHHYIO UIJIEKT-
PUKOM C OOJBIINM 3HAYEHUEM IUDIIEKTPUYECKOM
npoununaemoctu (€° =55). Jlns moaTBepKACHUSA
3TOro QaxTa Ha puc. 6 MpUBEIEHBI 3aBUCUMOCTH OT
JUIMHBI BOJIHBI aKTHBHBIX KOMIIOHEHTOB B3aWMHBIX
MPOBOAMMOCTEH MEX Y OJIMKAUIINMU KOJIbLIEBBIMU
msnyuarensmu g5 (Y5 = gif + jbif).

W3 puc. 6 BUIHO, UTO C YBEIUYECHUEM e® orl mo
55 Bo3pacTaeT BHEIIHSS B3aMMHasl aKTHUBHAS IIPOBO-
JUMOCTh (KpHBbIe 1 1 2), a TaK)Ke yMEHbIIAeTCs I1e-

ie
g12, CmMm

pHOJ €€ OCHWJUIAIUI 10 CPaBHEHHUIO C MEPHOAOM
VU3MEHEHUS] BHYTPEHHEH B3aMMHON ITPOBOJUMOCTH
(kpuBast 5). CnenoBaTellbHO, BIMSHUE BHEIIHUX
B3aMMHBIX TPOBOIMMOCTEH OKa3bIBACTCSl 3HAUYMTEIb-
HO CHJIbHEE BIIMSHHA BHYTPEHHHX KaK IPH pacueTe aM-
ity V, U3 cucTeMbl ypaBHeHUH (3), Tak U U OII-
peIeIeHNH YaCTOTHO-IHEPI€THIECKHX 3aBUCUMOCTEH.

Ha npakTrke, moMUMO OONBIINX 3HAYCHUN JUAIICK-
TPUYIECKUX TPOHUIIAEMOCTEH, XapaKTEPHBIM JIEKTPO-
JTUHAMAYECKUM CBOWCTBOM OMOJIOTHYECKHX OOBEK-
TOB SIBIIIIOTCS TaKKe€ BBICOKHE YPOBHH HOTEphH [6].
3aBHCUMOCTH Ha PUC. 7 WUTIOCTPUPYIOT BIUSHHE
MOTEPHh B AMDJIEKTPHKE, 3aMOJHSAIONIEM BHEITHEee
MIPOCTPAHCTBO, Ha DHEPTETUYECKUE XapaKTEePHUCTHU-
K cucTeMbl U3 N =5 KONbLEBBIX Lieliell B Koa-
kcuasnbHOM ¢uzepe ¢ a, =0.6 MM. Bunzo, uro npu
yBenuueHud tgd or 0 1o 0.8 ocnuuIsIMKM 3HAYH-
TEIbHO CIIaXXUBAIOTCS. JTO CBA3aHO C TE€M, YTO
IIPY BO3paCTaHUU TaHTEHCAa yIyia OTePh 3HAYNTEIb-
HO ociabeBaloT B3aMMHBIE CBSI3M MEXJIy MIeie-
BBIMH H3JTy4aTeIsiIMHU 110 BHEITHEMY MPOCTPAHCTBY
(puc. 6, xpussie 2, 3 u 4).

AHanu3upys 3aBUCHMOCTH, NPHUBEJCHHbIE Ha
puc. 2 — 5 u puc. 7, MOXHO BBIIETUTH 00JacTH Ta-
KUX 3HAQYCHUH A, TPHU KOTOPHIX MPOUCXOIUT MMOYTH
cuH(A3HOE CIOXKECHNE OTPAKCHHBIX OT IIeJiei BOJIH
W, CJIe0BaTeNIbHO, HAOMIONAeTCsl BO3pacTaHue Kodd-
(HUIIMEHTOB OTPaXKCHUS  yMEHbIIeHHEe KoddduImeH-
TOB M3JTy4eHHUs. DTOT 3deKT, HabmogaeMplii pH 3Ha-
yenusax D, =nA, (n — menoe umcno, A, — JIuHA
BOJIHBI B KOAKCHAIbHOM JIMHUH ), IPUBOIUT K 00pa3o-
BaHMIO HECKOJBKHX oOyacTedl pabounx IJIMH BOJH.

C 11enp10 MPOBEPKH JOCTOBEPHOCTH W DPPEKTHB-
HOCTH TIPEJCTABIEHHOW MaTeMaTH4eCKOM MOJIeNn

—0.01

—0.02 &=
50 300

550 800

A, MM

Puc. 6. BayTpeHHNE ¥ BHENTHUE AKTHBHbIE B3aHMHBIE TIPOBOIMMOCTH JIIsi cHcTeMbl M3 N =5 KoJblLeBEIX mesteii: kpuBas 1 — g7,
s 198 =0, €° =1 kpusbie2,3ud - g, ans €° =55, tgd=0, 0.1 u 0.8 cooTBeTCTBEHHO; KpUBas 5 — gy,
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T

A, MM

2
Puc. 7. 3aBucuMoCTH KO3(DDHUIIMEHTA U3ITyUCHHS |l"z| = f(A) (@) u kodpduHEnTa OTpaKEHHSA |Fl| = f(A) (6) nas cucTeMb
n3 N =5 KONBIEBHIX LICNCH, TOMEIICHHOM B cpexy ¢ motepsmu: tgd =0 — myHkTHpHbIe KpuBbIe, tg8 = 0.1 — ITPHUXOBHIE KPH-

BbIe, 190 =0.8 — cruTomHbIe KpUBEIE

JUTSI UCCTIEIOBAaHUS KOAKCHATIbHO-11IEIEBBIX MHOTOAJIE-
MEHTHBIX aHTE€HH 3HAUYE€HUsI [TapaMETPOB KOAKCHATb-
HBIX JIMHHH U [TIes1ei BRIOMPaINCh aHAJIOrMYHBIMU TIPH-
BEJICHHBIM B U3BECTHOU HaM Jutepatype. CpaBHeHHE
pEe3yJIBTaTOB HACTOSIICH PabOTHI ¢ pacdeTHHIMHU U
SKCIIEPUMEHTAILHBIMU JAHHBIMU, IPEACTABICHHBIMU
B [7], mOKa3pIBaeT XOpoIlee COBMAICHUE YaCTOTHO-
SHEPreTUYECKUX XapaKTEPUCTUK HUCCIIETyEMbIX CUC-
TEM, YTO HOJTBEPKAAET MPABUIBHOCTD MPEAJIOKEH-
HOM MaTeMaTUYeCKOM MOJICIIH, a TaKXe METOJIOB M
QITOPUTMOB pacyeTa, MPUMEHIEMbIX IpU PELICHUU
MOCTaBJICHHOM 3a]1auu.

Takum oOpa3oM, MPOBEICHHBIE WCCIEIOBAHUS
3aBUCHUMOCTEH JHEPreTUYCCKUX KOIPHHUIIMESHTOB
AHTEHHBI B BUJE CHCTEMbl AYTOBBIX U KOJIBIEBBIX
hiesnel, mpope3aHHbIX B 9KpaHE KOAKCUAJbHBIX JIHU-
HUMN, TIOKA3aJId, 9TO MOJOOHEIE CHCTEMBI SIBIISIOTCS
MajorabapuTHBIMU U ITUPOKONIOJIOCHBIMH H3ITy4ar0-
LMMU CTpyKTypamu. IIpudyem 4aCcTOTHBIN 1nara3oH
paboThl CUCTEM KOJIBIEBBIX INeNIeld 3HAYUTEIHHO
upe, YeM TUama3oH padoThl aHAIOTUIHBIX CHCTEM
JIYyTOBBIX IENed. DTO CBSI3aHO C HEPE30HAHCHBIM
MOBEJCHUEM OJIMHOYHOU KOJIbLIEBOW IIEIU B OTJIH-
Yyue OT PE30HAHCHOrO XapakTepa HU3IYyUYEeHHUS OJU-
HOYHOU AyroBoil mwemnu [8, 9].
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[Mpumenenne Toro wim uHOro Quaepa, a TakKe
BBIOOD KOJBIIEBHIX IIEJIEH MM TyTOBBIX IEJIeH OIl-
peneneHHoN UIMHBI MO3BOJISIOT PETyIHpPOBAaTh Kak
CPEIHIOI pabouyro JJIMHY BOJIHBI, TaK U JUATIA30H
JUTMH BOJH B K&XJIOM KOHKPETHOM CITy4ae HMCIIOJb-
30BaHMS MOJOOHBIX aHTeHH. [logyepkHeM, 4TO Me-
TOJ MarHUTOJBMKYIINX CHJ, IPUMEHEHHBIH B Ha-
crosimied pabote, MO3BOJSET 3TO CAETATh.

B3auMHbIe CBSI3U MEXKAY ILIEIEBBHIMU H3JIydaTe-
JISIMH UTPAIOT BAXKHYIO POJIb B JOPMUPOBAHHUH FHEP-
TeTHYECKUX XapaKTePUCTHK JAaHHBIX CUCTEM U, He-
COMHEHHO, TOJKHBI YYUTHIBATHCS MTPH UX pacdeTax.

4. 3akiaoueHue

IIpenioxkeHHbIN 3NEKTPOINHAMUYECKANA METO] pac-
YETa M UCCIIEI0BAHUS LIEJIEBBIX CTPYKTYP, TPOPE3aH-
HBIX B 3KPaHE KOAKCUAJIbHON JIMHUMU, I03BOJISIET C J10-
CTaTOYHOU TOYHOCTBIO OIIPENEIUTh YaCTOTHO-IHEP-
FETUYECKUE U YaCTOTHO-IIPOCTPAHCTBEHHBIE XapaK-
TEPUCTHKH aHTEHHBI, a TAKXKe TPOaHATM3UPOBATH (Pu-
3UYECKUE CBOMCTBA M3JIy4arollEeld CUCTEMBI U JATh
(pM3NYECKYIO MHTEPIIPETALINIO TOTYYECHHBIX Pe3yib-
taroB. Metox MJIC maer BO3MOXKHOCTH HCCIIEIO-
BaTh U3Jy4YaIOIINE KOAKCUAJIBHO-IIIEJIEBBIE CTPYKTY-
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bl C pa3JIMYHBIMU CBOMCTBAMHU BHYTPEHHETO U BHEII-
HEro MPOCTPAHCTBA, C MPOU3BOJIbHBIMU KOJTMUYECTBOM
M3TydaTenel 1 TeOMEeTPHUECKUMHE TapaMeTpaMu (u-
Jiepa, KaxJa0i OTAeIbHOM 1IeNH, a TAKXKe BCEH cHc-
TEMbI U3Jydaresied B IEJIOM C yUeTOM BHYTPEHHETO
Y BHENIHETO B3aUMOJICUCTBUSA MEXY M3JIy4arollu-
MU 3JIeMeHTaMu. MHoronapameTpu4ecKkuii aHaius,
nposeaeHHbI MeTogoM M/IC, mo3BOISIET ONTHMH-
3UpOBaTh MapaMeTpbl U JIEKTPOJIUHAMUYECKHUE Xa-
PaKTePUCTUKN CUCTEMBI U BBHIPabOTaTh pEKOMEHIa-
LIMH JU11 KOHCTPYKTUBHOT'O UCTIOJTHEHUSI U3JTYHarOIINX
YCTPOHUCTB Ha 6a3€ KOAaKCHATBLHO-IIIETIEBBIX CTPYKTYP.
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XapkiBchKUI HallioHaNbHNH yHiBepcuTeT iMeHi B. H. Kapasina,
M. CBobo, 4, M. XapkiB, 61022, Ykpaina

BUIIPOMIHIOBAHHS 3 CUCTEMU 1LIIJIMH
B EKPAHI KOAKCIAJIBHOT JITHIT

MeTo10M MarHiTOpyIIiHUX CHJI pO3B’SI3aHO 3a/1a4y 30y/KeH-
H$1, PO3CIIOBaHHS | BUTIPOMIHIOBAHHSI €JIEKTPOMArHITHIX XBUIIb
CHCTEMOIO [OIIEPEYHHX IIIUIHH B i/IeanbHO MPOBITHOMY eKpaHi
HECKIHYCHHOI KoakcianbHOT JMiHil. JIOCTiIKEHO 3aJeKHOCT1
KoeQili€HTIB BUTPOMiHFIOBaHHS Ta BiJOUTTS {yTOBHX 1 KiJbIIe-
BUX IIUTHH BiJ] IX po3MipiB Ta BiJ mapaMeTpiB ¢igepa. BuBueHo
IpoIecH BUIPOMIHIOBAaHHS B MaTepialbHI cepeJoBHUINA
i3 BTparamu. JIoCIiPKeHHs BUKOHAHO 3 YpaxyBaHHSIM B3a€MHO-
TO 3B 53Ky MiXK BHYTPIIIHIM i 30BHIIIIHIM IIPOCTOpaMH.
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RADIATION FROM A SLOT SYSTEM
IN THE COAXIAL LINE SHIELD

The problem of electromagnetic wave excitation, scattering and
radiation by the system of transverse slots, cut in the outer
conductor of an infinite coaxial line, is solved by the magnetomo-
tive forces method. The radiation and reflection coefficients of
the circular and arc slot systems are investigated in dependence
on slot sizes and feeder parameters. The processes of radiation
into lossy material media are studied. The researches have been
carried out with the interconnection between slots of internal
and external regions considered.
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